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We study the hadronic molecular structure of hidden heavy pentaquarks — new exotic states composed of
charmed/bottom baryons and D(D∗)/B(B∗) mesons. Based on the observation of three pentaquark candidates
P+c (4312), P
+
c (4440), and P
+
c (4457) by the LHCb Collaboration we consider the classification of possible flavor
partners composed of charmed baryons and D(D∗) mesons within the hadronic molecular approach. We extend
this classification to the bottom sector. Using phenomenological Lagrangians we construct baryon-meson bound
states governed by the Weinberg-Salam compositeness condition. As an application we consider strong two-
body decays of the new exotic states into a light baryon and V = J/ψ,Υ or P = ηc, ηb mesons. Results are
presented in the heavy quark limit.
I. INTRODUCTION
In 2015 the LHCb Collaboration reported on the observation of resonances in the J/ψp decay channel consistent with possible
pentaquark states in the full reaction Λ0
b
→ J/ψK−p decay [1]. A model-dependent analysis of the invariant masses and
angular distributions describing the Λ0
b
decay lead to the claim of two pentaquark resonances, a broad state Pc(4380)
+ with mass
4380±8±29MeV and a width of 205±18±86MeV and the narrower Pc(4450)+ state with mass 4449.8±1.7±2.5MeV and width
39 ± 5 ± 19 MeV. Soon after in Ref. [2] the LHCb Collaboration confirmed in a full amplitude analysis the consistency of data
with the existence of the two exotic hadron structures Pc(4380)
+ and Pc(4450)
+. In a recent paper [3] the LHCb Collaboration
with the analysis of a much larger data sample confirmed the previously observed Pc(4450)
+ peak and resolved it into two narrow
exotic baryon states Pc(4440)
+ and Pc(4457)
+. Furthermore, a narrow partner state Pc(4312)
+ has been claimed in [3] while
the existence of the Pc(4380)
+ can neither be confirmed nor excluded. The conclusion drawn from this analysis was: (1) the
minimal quark content of the Pc-states is (duucc¯), (2) since the Pc(4312)
+, Pc(4440)
+, and Pc(4457)
+ are narrow and below the
Σ+c D¯
0 and Σ+c D¯
∗0 thresholds, these states are strongly correlated with baryon-meson bound state structures.
Recently, the GlueX Collaboration at JLab [4] reported on the first measurement of the exclusive J/ψ photoproduction cross
section in the energy region from threshold up to Eγ = 11.8 GeV using a tagged photon beam. Such a measurement is extremely
important since it provides a crucial check for theoretical approaches to the gluonic structure of the proton at high x, but also
to possible structure interpretations of the LHCb pentaquarks. At this stage the GlueX Collaboration did not see any evidence
for the LHCb pentaquarks and set model-dependent upper limits on their branching fractions Br(P+c → J/ψp) with 4.6% for
Pc(4312)
+, 2.3% for Pc(4440)
+, and 3.8% for Pc(4458)
+ assuming spin-parity quantum numbers JP = 3
2
−
for each state.
The observation of the LHCb Collaboration stimulated extensive theoretical studies of hidden pentaquark structures using
different scenarios and frameworks (see, e.g., Ref. [5]-[42] and recent overviews in Refs. [5, 34, 35]). In particular, the composite
structure of the new exotic states has been studied using coupled-channel dynamics [6, 7]. An application of QCD sum rules
to hidden charm pentaquark states has been done in [8] using diquark-diquark-antiquark type interpolating currents, in [9–
11] with meson-baryon molecular type currents, and the currents in form of product of two color-octet clusters of three light
quarks and charm-anticharm pair [12]. Double polarization observables in pentaquark photoproduction have been studied by
JPAC Collaboration using reaction model in Ref. [13]. Different types of potential models to explain the spectrum of LHCb
pentaquarks has been developed in Refs. [14]-[25]: a diquark-triquark potential model [14, 15], quark delocalization color
screening potential model [16], nonrelativistic potential model [17], chiral quark model [18], color flux-tube model based on
a five-body confinement potential [19], constituent quark model [20], diquark model derived using gauge/string duality [21],
potential model based the Cornell-like potential [22], and a quasipotential Bethe-Salpeter equation approach [25]. Using a
simple phenomenological model based on the Gu¨rsey-Radicati mass formula was used to predict the masses of hidden charm
and bottom pentaquarks in Ref. [26]. In Refs. [27] the hidden charm and bottom pentaquark states have been studied using chiral
perturbation theory. Implications of SU(3) flavor symmetry for heavy pentaquarks have been considered in Refs. [28] and [29].
A hadronic molecular approach based on a charmonium-nucleon structure of the hidden charm pentaquarks has been proposed
in Ref. [30]. An effective field theoretical approach incorporating heavy-quark spin symmetry has been suggested in Ref. [31].
Using effective effective Lagrangian approach the production of the pentaquark states Pc(4312), Pc(4440), and Pc(4457) has
been investigated in Refs. [32]. A framework based on an effective-range expansion and resonance compositeness relations has
been discussed in Ref. [33]. Field-theoretical hadronic molecular approaches for heavy pentaquarks have been developed in
2Refs. [35, 36]. In Refs. [38] the new LHCb peaks have been related to kinematical effects in the rescattering from χc1 to J/ψp.
Ref. [39] proposed a hadrocharmonium pentaquark scenario for the new states discovered by the LHCb Collaboration. Ideas
of light- and heavy-flavor symmetries and their manifestation in properties of heavy hidden pentaquarks have been discussed in
Refs. [40]-[42]. One should also note that for the identification of the hidden charm pentaquark states it is important to perform
a complete analysis of the cascade decay Λb → Λ∗( 12
−
, 3
2
±
)[→ pK−] + J/ψ done for example in Ref. [43].
The main ideas in the application of quantum field theory to bound states using their compositeness have originally been laid
out and formulated in Refs. [44]-[47]. Reference [44] contains the original application to the composite system of the deuteron
- the canonical example of a hadronic molecule (HM). A extensive set of descriptions of hadronic molecules in the context of
exotic heavy hadrons have been pursued by us for quite some time [48]-[57].
The main building blocks and related evaluation strategy of the quantum field approach to bound states [44]-[47] and specifi-
cally for the HM [44],[48]-[57] are as follows: (1) First, a phenomenological, manifestly Lorentz covariant and gauge invariant
Lagrangian has to be set up, which describes the interaction of the bound state with its constituents. The bound state and con-
stituents are described by standard local quantum field operators. The field operators of the constituents form the interpolating
current with the corresponding quantum numbers of the bound state; (2) The coupling strength of the hadronic molecule to its
constituents is determined by the compositeness condition ZHM = 1 − Π′HM = 0 [44]-[57]. The wave function renormalization
constant ZHM of the hadronic molecule HM defines the matrix element (or overlap) between the physical and bare states of the
HM. Π′
HM
is the derivative of the HM mass operator generated by the interaction Lagrangian of the HM with its constituents.
The condition ZHM = 0 means that the probability to find the HM as a bare state is always equals zero or, in other words, it is
always fully dressed by its constituents. The compositeness condition provides an effective and self-consistent way to describe
the coupling of the HM to its constituents; (3) Then, using interaction Lagrangians between the HM and its constituents one can
construct the S -matrix operator and consistently generate matrix elements for hadronic processes involving the HM (represented
by corresponding Feynman diagrams). In the evaluation of the Feynman diagrams the compositeness condition enables to avoid
the problem of double counting.
The main objective of the present paper is a self-consistent study of the hidden charm pentaquarks composed of charmed
baryons and D mesons in hadronic molecular picture based on the formalism proposed and developed in Refs. [48]-[57]. We
present a classification of these exotic states and calculate their strong two-body decays in the heavy quark limit. A first
consideration of some of these states in a similar approach has been done recently [35]. In our numerical analysis we proceed as
follows: first we derive the results for the helicity amplitudes and decay rates in terms of two model parameters (size parameterΛ
and D-wave coupling of pseudoscalar heavy quarkonia with vector heavy-light meson and pair of light and heavy-light baryons).
Next, we use recent results of the GlueX Collaboration [4] on upper limit of the branching fraction of the Pc(4457)
+ pentaquark
to derive upper limit on its size parameter, which describes the distribution of the constituents in the pentaquark state.
The paper is structured as follows. In Sec. II we give a classification of hidden charm pentaquarks – exotic states composed
of charmed baryons and D mesons and present details of our formalism to set up these exotic states as hadronic molecules. We
also discuss the extension to hidden bottom pentaquarks. In Sec. III we focus on the calculation of strong two-decays of hidden
charm pentaquarks. We present a derivation of the corresponding matrix elements and the discuss numerical results. Finally, we
summarize the results of the paper.
II. HADRONIC MOLECULAR STRUCTURE OF HIDDEN CHARM PENTAQUARKS
For the spin-parity quantum numbers of the hidden charm pentaquark states we use one of the possible scenarios, which
follows from the conjecture of the LHCb Collaboration [3] and the classification of some theoretical approaches: JP = 1
2
−
for the
Pc(4312)
+ and Pc(4440)
+ states and JP = 3
2
−
for the Pc(4457)
+ state. We also base the following procedure on a base on a SU f (3)
classification of hidden charm pentaquarks proposed in Ref. [29] and consider all together 8 hidden pentaquarks states coinciding
with hadronic molecular states composed of charmed baryons and D(D∗) mesons. In Table I we present the classification of
24 = 3 × 8 hidden charm pentaquarks composed by a single charm baryon and D(D∗) mesons. For each pentaquark discovered
by the LHCb Collaboration we propose the existence of 7 partner states, which are composed of charmed baryons (Σc,Ξ
′
c,Ωc)
and D(D∗) mesons. We specify isospin and spin-parity I, JP, the interpolating currents in terms of the constituent fields, the
constituent threshold (sum of the masses of the constituents), mass (if available from the LHCb Collaboration [3], otherwise
our conjecture as explained further on). For the case when the pentaquarks are mixed states of two components we indicate
the constituent thresholds for both cases (the value for the second component is given in brackets). In our conjecture for the
masses of the pentaquarks we suppose that the mass difference of two pentaquark states is roughly equal to the difference of the
corresponding charm baryon + D(D∗) meson thresholds. By analogy, one can also derive hidden bottom pentaquarks replacing
D(D∗) → B(B∗) and the charmed baryons by the bottom one. Recently a five-flavor classification of hidden charm and bottom
pentaquarks has also been proposed in Ref. [42]. Our scheme is differed since we only use nonstrange D(D∗) and B(B∗) heavy-
light mesons in the construction of hidden heavy pentaquarks. We construct the pentaquark Fock states as eigenstates of the
3isospin operator |I, I3〉 and give an expansion in terms of the corresponding Fock states using standard SU(2) couplings:
|1/2,±1/2〉 = ±
√
2/3
[
|1,±1〉 ⊕ |1/2,∓1/2〉
]
∓
√
1/3
[
|1, 0〉 ⊕ |1/2,±1/2〉
]
,
|1/2,±1/2〉 = |1/2,±1/2〉 ⊕ |0, 0〉 , |1,±1〉 = |1/2,±1/2〉 ⊕ |1/2,±1/2〉 , (1)
|1(0), 0〉 =
√
1/2
[
|1/2, 1/2〉 ⊕ |1/2,−1/2〉
]
±
√
1/2
[
|1/2,−1/2〉 ⊕ |1/2, 1/2〉
]
.
TABLE I: Classification of hidden charm pentaquarks composed by a single charm baryon and D(D∗) mesons
Pentaquark I JP Interpolating current JP Threshold (MeV) Mass (MeV)
First Family Pc1
Pc(4312)
+ 1
2
1
2
−
√
2
3
Σ++c D
− −
√
1
3
Σ+c D¯
0 4323.62 (4317.17) 4311.9 ± 0.7+6.8−0.6 [3]
Pc(4312)
0 1
2
1
2
−
-
√
2
3
Σ0c D¯
0 +
√
1
3
Σ+c D
− 4318.58 (4322.55) 4312
Psc(4435)
+ 1 1
2
−
Ξ
′+
c D¯
0 4442.23 4435
Psc(4435)
0 1 1
2
− 1√
2
(
Ξ
′+
c D
− + Ξ
′0
c D¯
0
)
4447.05 (4443.63) 4435
Psc(4435)
− 1 1
2
−
Ξ
′0
c D
− 4448.45 4435
P˜sc(4420)
0 0 1
2
− 1√
2
(
Ξ
′+
c D
− − Ξ′0c D¯0
)
4447.05 (4443.63) 4420
Pssc (4554)
0 1
2
1
2
−
Ω0c D¯
0 4560.03 45545
Pssc (4554)
− 1
2
1
2
−
Ω0cD
− 4564.85 4554
Second Family Pc2
Pc(4440)
+ 1
2
1
2
−
γµγ5
(√
2
3
Σ++c D
∗−
µ −
√
1
3
Σ+c D¯
∗0
µ
)
4464.23 (4459.75) 4440.3 ± 1.3+4.1−4.7 [3]
Pc(4440)
0 1
2
1
2
−
- γµγ5
(√
2
3
Σ0c D¯
∗0
µ −
√
1
3
Σ+c D
∗−
)
4460.60 (4463.16) 4440
Psc(4560)
+ 1 1
2
−
γµγ5 Ξ
′+
c D¯
∗0
µ 4584.25 4560
Psc(4560)
0 1 1
2
− 1√
2
γµγ5
(
Ξ
′+
c D
∗−
µ + Ξ
′0
c D¯
∗0
µ
)
4587.66 (4585.65) 4560
Psc(4560)
− 1 1
2
−
γµγ5 Ξ
′0
c D
∗−
µ 4589.06 4560
P˜sc(4545)
0 0 1
2
− 1√
2
γµγ5
(
Ξ
′+
c D
∗−
µ − Ξ
′0
c D¯
∗0
µ
)
4587.66 (4585.65) 4545
Pssc (4678)
0 1
2
1
2
−
γµγ5Ω0c D¯
∗0
µ 4702.05 4678
Pssc (4678)
− 1
2
1
2
−
γµγ5Ω0cD
∗−
µ 4705.46 4678
Third Family Pc3
Pc(4457)
+ 1
2
3
2
−
√
2
3
Σ++c D
∗−
µ −
√
1
3
Σ+c D¯
∗0
µ 4464.23 (4459.75) 4457.3 ± 0.6+4.1−1.7 [3]
Pc(4457)
0 1
2
3
2
−
-
√
2
3
Σ0c D¯
∗0
µ +
√
1
3
Σ+c D
∗− 4460.60 (4463.16) 4457
Psc(4575)
+ 1 3
2
−
Ξ
′0
c D¯
∗0
µ 4584.25 4575
Psc(4575)
0 1 3
2
− 1√
2
(
Ξ
′+
c D
∗−
µ + Ξ
′0
c D¯
∗0
µ
)
4587.66 (4585.65) 4575
Psc(4575)
− 1 3
2
−
Ξ
′0
c D
∗−
µ 4589.06 4575
P˜sc(4545)
0 0 3
2
− 1√
2
(
Ξ
′+
c D
∗−
µ − Ξ
′0
c D¯
∗0
µ
)
4587.66 (4585.65) 4545
Pssc (4695)
0 1
2
3
2
−
Ω0c D¯
∗0
µ 4702.05 4695
Pssc (4695)
− 1
2
3
2
−
Ω0cD
∗−
µ 4705.46 4695
We next describe the hadronic molecular structure of the pentaquarks using phenomenological Lagrangians which involve the
interpolating currents presented in Table I. Note that the three states Pc(4312)
+, Pc(4440)
+, and Pc(4457)
+ have already been
considered in Ref. [35]. For all 24 pentaquark states the corresponding Lagrangians look as
LPc (x) = gPc1 P¯c1(x) JPc1(x) + gPc2 P¯c2(x) JPc2(x) + gPc3 P¯c3,µ(x) JµPc3(x) + H.c. , (2)
where Pc1, Pc2, and Pc3,µ are the hidden charm pentaquark fields belonging to the first, second, and third family, respectively,
JPc1(x), JPc2 (x), and J
µ
Pc3
(x) are the nonlocal extension of the currents from Table I, gPci (i = 1, 2, 3) is the coupling constant. The
4TABLE II: Classification of hidden bottom pentaquarks composed of vva single bottom baryon and B(B∗) mesons
Pentaquark I JP Interpolating current JP Threshold (MeV) Mass (MeV)
First Family Pb1
Pb(11080)
+ 1
2
1
2
−
√
2
3
Σ+
b
B0 −
√
1
3
Σ0
b
B+ 11090.20 (11092.33) 11080
Pb(11080)
0 1
2
1
2
−
-
√
2
3
Σ−
b
B+ +
√
1
3
Σ0
b
B0 11094.97 (11092.64) 11080
Ps
b
(11215)+ 1 1
2
−
Ξ
′0
b
B+ 11214.35 11215
Ps
b
(11215)0 1 1
2
− 1√
2
(
Ξ
′0
b
B0 + Ξ
′−
b
B+
)
11214.66 (11214.35) 11215
Ps
b
(11215)− 1 1
2
−
Ξ
′−
b
B0 11214.72 11215
P˜s
b
(11200)0 0 1
2
− 1√
2
(
Ξ
′0
b
B0 − Ξ′−
b
B+
)
11214.66 (11214.35) 11200
Pss
b
(11315)0 1
2
1
2
−
Ω−
b
B+ 11325.43 11315
Pss
b
(11315)− 1
2
1
2
−
Ω−
b
B0 11325.74 11315
Second Family Pb2
Pb(11125)
+ 1
2
1
2
−
γµγ5
(√
2
3
Σ+
b
B∗0µ −
√
1
3
Σ0
b
B∗+µ
)
11135.26 (11137.70) 11125
Pb(11125)
0 1
2
1
2
−
- γµγ5
(√
2
3
Σ−
b
B∗+µ −
√
1
3
Σ0
b
B∗0
)
11140.34 (11137.70) 11125
Ps
b
(11250)+ 1 1
2
−
γµγ5 Ξ
′0
b
B∗+µ 11259.72 11250
Ps
b
(11250)0 1 1
2
− 1√
2
γµγ5
(
Ξ
′0
b
B∗0µ + Ξ
′−
b
B∗+µ
)
11259.72 (11259.72) 11250
Ps
b
(11250)− 1 1
2
−
γµγ5 Ξ
′−
b
B∗0µ 11259.72 11250
P˜s
b
(11235)0 0 1
2
− 1√
2
γµγ5
(
Ξ
′0
b
B∗0µ − Ξ
′−
b
B∗+µ
)
11259.72 (11255.72) 11235
Pss
b
(11360)0 1
2
1
2
−
γµγ5 Ω−
b
B∗+µ 11370.80 11360
Pss
b
(11360)− 1
2
1
2
−
γµγ5Ω−
b
B∗0µ 11370.80 11360
Third Family Pb3
Pb(11130)
+ 1
2
3
2
−
√
2
3
Σ+
b
B∗0µ −
√
1
3
Σ0
b
B∗+µ 11135.26 (11137.70) 11130
Pb(11130)
0 1
2
3
2
−
-
√
2
3
Σ−
b
B∗+µ +
√
1
3
Σ0
b
B∗0 11140.34 (11137.70) 11130
Ps
b
(11255)+ 1 3
2
−
Ξ
′0
b
B∗+µ 11259.72 11255
Ps
b
(11255)0 1 3
2
− 1√
2
(
Ξ
′0
b
B∗0µ + Ξ
′−
b
B∗+µ
)
11259.72 (11259.72) 11255
Ps
b
(11255)− 1 3
2
−
γµγ5 Ξ
′−
b
B∗0µ 11259.72 11255
P˜s
b
(11240)0 0 3
2
− 1√
2
(
Ξ
′0
b
B∗0µ − Ξ
′−
b
B∗+µ
)
11259.72 (11259.72) 11240
Pss
b
(11365)0 1
2
3
2
−
Ω−
b
B∗+µ 11370.80 11365
Pss
b
(11365)− 1
2
3
2
−
Ω−
b
B∗0µ 11370.80 11365
nonlocal pentaquark currents are written as (here flavor indices are suppressed)
JPc1(x) =
∫
d4yΦPc1(y
2) Hc(x + ωDy)D¯(x − ωHcy) , (3)
JPc2(x) =
1√
3
∫
d4yΦPc2(y
2) γµγ5Hc(x + ω
∗
Dy)D¯
∗µ(x − ωHcy) , (4)
J
µ
Pc3
(x) =
∫
d4yΦPc3(y
2) Hc(x + ω
∗
Dy)D¯
∗µ(x − ωHcy) . (5)
Hc denotes a single-charm baryon, ΦPci (y
2) is a phenomenological correlation function describing the distribution of HcD¯(D¯
∗)
in the pentaquark state Pci, ωHc = MHc/(MHc + MD(∗)) and ωD(∗) = MD(∗)/(MHc + MD(∗)) are the mass fractions of the constituent
hadronswith ωHc+ωD(∗) = 1. Here we include an overall factor 1/
√
3 for the case of the interpolating current of pentaquark Pc2 in
order to have the same results for the couplings of all pentaquarks in heavy quark limit (HQL), i.e. in the limit when heavy quark
mass goes to infinity. To generate ultraviolet-finite Feynman diagrams, the Fourier transform of the correlation function ΦPci (y
2)
should vanish sufficiently fast in the ultraviolet region of the Euclidean space. We use the Gaussian form for the correlation
function Φ˜Pci (p
2
E
)  exp(−p2
E
/Λ2
Pci
), where pE is the Euclidean Jacobi momentum and ΛPci is a free size parameter.
5Pc Pc
Hc
D¯(D¯∗)
Pb Pb
Hb
B(B∗)
FIG. 1: Diagrams representing the mass operator of the hidden charm Pc and bottom Pb pentaquarks.
The coupling gPc is determined from the compositeness condition (see Refs. [44]-[47] and [48]-[57])
ZPc1/c2 = 1 − Σ′Pc1/c2 (MPc1/c2 ) ≡ 0 , (6)
ZPc3 = 1 − ΣT ′Pc3 (MPc3) ≡ 0 , (7)
where Σ′
Pc1/c2
and ΣT ′
Pc3
are the derivatives of the full and the transverse part of the mass operator of the Pc1/c2 and Pc3 states,
respectively. Here we have
Σ
µν
Pc3
(p) = g
µν
⊥ (p)Σ
T
Pc3
(p) +
pµpν
p2
ΣLPc3 (p), (8)
where g
µν
⊥ (p) = g
µν − pµpν/p2. The generic Feynman diagram representing the mass operator ΣPc , which is generated by loop
containing the (HcD¯) or (HcD¯
∗) constituents, is shown in Fig. 1 (left panel). Note that the compositeness condition gives a
relation between the coupling constant gPc and the mass mPc .
The extension to the bottom sector is straightforward. Now we have to construct phenomenological Lagrangians describing
the coupling of the hidden bottom pentaquark to its constituents by the following replacements in Eqs. (2)-(5):
Pci → Pbi , D(D∗) → B(B∗) , {Σc,Ξ′c,Ωc} → {Σb,Ξ′b,Ωb} . (9)
The corresponding Feynman diagram for the mass operator ΣPb , which is generated by loop containing the (HbB) or (HbB
∗)
constituents, is shown in Fig. 1 (right panel).
The classification of the hidden bottom pentaquarks composed of single bottom baryons and B(B∗) mesons is presented in
Table II. For an estimate of their masses we use some typical values close to the corresponding thresholds.
The expressions for the mass operators ΣPQ (Q = c, b) are given by
ΣPQ1(p) = g
2
PQ1
∫
d4k
(2π)4i
Φ˜2PQ1
(
− (k + pωP)2
)
S HQ(k + p) S P(k) , (10)
ΣPQ2(p) = g
2
PQ2
∫
d4k
(2π)4i
Φ˜2PQ2
(
− (k + pωV )2
)
γµγ5 S HQ (k + p) γνγ5 S
µν
V
(k) , (11)
ΣTPQ3(p) = −
1
3
g⊥,µν(p) g2PQ3
∫
d4k
(2π)4i
Φ˜2
(
− (k + pωV )2
)
S HQ (k + p) S
µν
V
(k) , (12)
where
S HQ(k) =
1
MHQ− 6k
, S P(k) =
1
M2
P
− k2 , S
µν
V
(k) = − g
µν
⊥ (k)
M2
V
− k2 (13)
are the propagators of the spin- 1
2
baryon HQ, P = D(B), and V = D
∗(B∗) mesons, respectively.
The leading diagrams contributing to the strong two-body decays Pc → HJ/ψ(ηc) and Pb → HΥ(ηb), are shown in Fig. 2.
Here H is a light baryon octet state corresponding to the light quark flavor content of the decaying pentaquark. The two-body
decays Pc → HJ/ψ(ηc) and Pb → HΥ(ηb) proceed via the hadronic loops HD¯(D¯∗) and HB(B∗), composed of the constituents
contained in the hidden heavy pentaquark state. To evaluate the diagrams in Fig. 2 we need to set up an interaction Lagrangian,
which includes the coupling of the pentaquark constituents to the final hadrons (H + M pair, where M = J/ψ, ηc,Υ, ηb). We
need to specify three types of interaction Lagrangians: (1) LHiH f PV – the coupling of heavy-light Hi = Hc,Hb and light H f = H
baryons to pseudoscalar P = D, B, ηc, ηb and vector V = D
∗, B∗, J/ψ,Υ mesons, (2) LHiH f P1P2 – the coupling of Hi and H f to
two pseudoscalar mesons P1 = D, B and P2 = ηc, ηb, (3) LHiH fVV – the coupling of Hi and H f to two vector mesons V1 = D∗, B∗
and V2 = J/ψ,Υ.
6The SU(4) symmetric form of the first phenomenological Lagrangian, LHiH f PV was originally derived in Refs. [58] and
extensively employed in our formalism in Refs. [53, 54]. Here we extend this Lagrangian to five flavors (we only display the
part of the Lagrangian which contributes to current processes) with
L = gH¯kmniγµγ5 [Vµ, P]kl Hlnm + H.c. . (14)
The commutator of vector and pseudoscalar mesons is given by [Vµ, P] = VµP − PVµ, Hkmn is the baryon field and (k,m, n, l =
1, . . . , 5) is the set of SU(5) flavor indices. The effective coupling
g = − gV
fP
√
2
(15)
was already fixed in Refs. [53], where gV = gρNN = 4.8 [59] is the strong ρNN coupling constant and fP is the pseudoscalar
decay constant, which for the charm and bottom sectors is identified with fηc and fηb . The leptonic decay constants fηc and fηb
have been evaluated in Lattice QCD [60]: fηc = 438 ± 5 ± 6 MeV and fηb = 801 ± 7 ± 5 MeV and in several phenomenological
approaches (see, e.g., Refs. [59, 61]). In particular, in Ref. [61] the leptonic decay constants of heavy quarkonia have been
predicted using the Royen-Weisskopf formula: fηc = 420 ± 52 MeV and fηb = 705 ± 27 MeV. In Ref. [59] these couplings have
been estimated using the covariant confined quark model: fηc = 427 MeV and fηb = 772 MeV. In our calculations we will use
averaged values of the three sources: fηc = 430 MeV and fηb = 750 MeV.
The expression of the physical meson and baryon states in terms of the tensors Vmn, Pmn, and Hmnk are discussed in detail in
Refs. [53, 54, 58]. Here we present some examples:
p = H112 = −2H121 = −2H211 , n = H221 = −2H212 = −2H122 ,
Σ++c = H
114 = −2H141 = −2H411 , Σ+b = H115 = −2H151 = −2H511 ,
J/ψ = V44, Υ = V55, ηc = P
44, ηb = P
55, (16)
D¯0 = P14, D− = P24, D¯∗0 = V14, D∗− = V24,
B+ = P51, B0 = P52, B∗+ = V51, B∗0 = V52 .
Part of this Lagrangian involving the coupling of the light-heavy light baryon pair to DJ/ψ, D∗ηc, BΥ, and B∗ηb pairs needed for
our calculation reads
L = g
[
M
−µ
c J
c+
µ + M¯
0µ
c J
c0
µ + M
+µ
b
Jb−µ + M
0µ
b
Jb0µ
]
+ H.c. . (17)
Here we introduce the notations
M
−µ
c = ηc D
∗−
µ − J/ψµ D− ,
M¯
0µ
c = ηc D¯
∗0
µ − J/ψµ D¯0 ,
M
+µ
b
= ηb B
∗+
µ − Υµ B+ ,
M
0µ
b
= ηb B
∗0
µ − Υµ B0 , (18)
Pc
H
J/ψ(ηc)
Hc
D¯(D¯∗)
Pb
H
Υ(ηb)
Hb
B(B∗)
FIG. 2: Diagrams describing strong two-body decays Pc → HJ/ψ (ηc) and Pb → HΥ (ηb), where H represents a light baryon octet state
7and J
c+/b−
µ , J
c0/b0
µ are the charged and neutral axial-vector currents composed of charm (bottom) and light baryon as
Jc+µ =
1
4
[
p¯γµγ5Σ
++
c −
1√
2
n¯γµγ5Σ
+
c −
1√
2
Σ¯−γµγ5Ξ′0c −
1
2
Σ¯0γµγ5Ξ
′+
c + Ξ¯
−γµγ5Ω0c −
√
3
2
Λ¯0γµγ5Ξ
′+
c
]
, (19)
Jc0µ =
1
4
[
n¯γµγ5Σ
0
c −
1√
2
p¯γµγ5Σ
+
c −
1√
2
Σ¯+γµγ5Ξ
′+
c −
1
2
Σ¯0γµγ5Ξ
′0
c + Ξ¯
0γµγ5Ω
0
c +
√
3
2
Λ¯0γµγ5Ξ
′0
c
]
, (20)
Jb0µ =
1
4
[
p¯γµγ5Σ
+
b −
1√
2
n¯γµγ5Σ
0
b −
1√
2
Σ¯−γµγ5Ξ′−b −
1
2
Σ¯0γµγ5Ξ
′0
b + Ξ¯
−γµγ5Ω−b −
√
3
2
Λ¯0γµγ5Ξ
′0
b
]
, (21)
Jb−µ =
1
4
[
n¯γµγ5Σ
−
b −
1√
2
p¯γµγ5Σ
0
b −
1√
2
Σ¯+γµγ5Ξ
′0
b −
1
2
Σ¯0γµγ5Ξ
′−
b + Ξ¯
0γµγ5Ω
−
b +
√
3
2
Λ¯0γµγ5Ξ
′−
b
]
. (22)
Using Eqs. (19) and (20) we derive the couplings gHcHDJ/ψ = −gHcHηcD∗ = cHHc g and gHbHBΥ = −gHbHηcB∗ = cHHb g, where cHHc
and cHHb are flavor factors shown in Table III. Note that above results for the couplings are consistent with recent predictions
derived on the basis of heavy-flavor and spin symmetry in Refs. [40, 41]. We also derive the relations between couplings
involving charm and bottom hadrons:
gHcHDJ/ψ
gHbHDJ/ψ
=
gHcHηcD∗
gHbHηbD∗
=
cHHc
cHHb
. (23)
In the next step we introduce the couplings of two pseudoscalar and two vector mesons to a baryon pair implementing the
consequences of heavy-flavor and spin symmetry. We are therefore consistent with the results of Refs. [40, 41]. In this vein
we derive the interaction Lagrangian required for the description of the decays of hidden flavor pentaquarks to J/ψ(ηc) + H and
Υ(ηb) + H pairs. The relevant Lagrangian reads:
Lint = g cHHc H¯
{ [
5 J/ψ µ + ηc iγ
µγ5
]
D¯∗µ +
[
J/ψµ iγ
µγ5 − 3 ηc
]
D¯
}
Hc
+ g cHHb H¯
{ [
5Υµ + ηb iγ
µγ5
]
B∗µ +
[
Υµ iγ
µγ5 − 3 ηb
]
B
}
Hb + H.c. (24)
Note that again the coupling g is fixed [see Eq. (15)] and expressed in terms of well-known couplings/parameters. The PQ3
pentaquark cannot decay into ηQH in an S -wave as was stressed in Ref. [40], while it can proceed in a D wave. We introduce
an additional D-wave coupling and specify it by introducing an additional parameter β (for convenience we scale it by a factor
MPQ3):
LD−waveint =
β
MPc3
g cHHc H¯ ∂
µηc γ
5 D¯∗µ Hc +
β
MPb3
g cHHb H¯ ∂
µηb γ
5 B∗µ Hb + H.c. (25)
Such an additional coupling leads to a suppression of the decay rates for PQ3 → ηQH by a factor 1/mQ in comparison to the
modes PQ1 → ηQH and PQ2 → ηQH. It also gives a contribution to the matrix element of the PQ2 → ηQH transition at
next-to-leading order in the heavy quark mass expansion, and, therefore, will be suppressed in comparison with the S -wave.
In the calculation of the two-body decays Pci → H + M (M = V, P and V = J/ψ,Υ; P = ηc, ηb) of pentaquark Pci with
spin S Pci we use the rest frame of the pentaquark with the final baryon moving in the positive z-direction. The 4-momenta of
pentaquark (p1), final baryon (p2), and meson (p3) are specified as
p1 = (MPci , 0 ) , p2 = (EH , 0, 0, |p2 |) , q = p1 − p2 = (EM , 0, 0,−|p2 |) . (26)
We will also use the following notations: M± = MPci ± MM , Q± = M2± − M2M and λ(x, y, z) = x2 + y2 + z2 − 2xy − 2xz − 2yz is
the Ka¨llen kinematical triangle function. Energy values and three-momenta of the decay products are defined as
EH =
M2
Pci
+ M2
H
− M2
M
2MPci
,
EM = MPci − EH =
M2
Pci
− M2
H
+ M2
M
2MPci
, (27)
|p2 | =
λ1/2(M2
Pci
,M2
H
,M2
M
)
2MPci
=
√
Q+Q−
2MPci
. (28)
Due to Lorentz covariance and because of the transversity condition qµ ǫ
µ
V
= 0 for the polarization vector of the V = J/ψ,Υ
mesons, the matrix elements of the Pci → H + V decay processes are in general expressed in terms of two form factors
8TABLE III: Flavor factors cHHc and cHHb
Flavor structure HHc cHHc Flavor structure HHb cHHb
pΣ++c
1
4
pΣ+
b
1
4
nΣ0c
1
4
nΣ−
b
1
4
pΣ+c − 14√2 pΣ0b −
1
4
√
2
nΣ+c − 14√2 nΣ0b −
1
4
√
2
Σ−Ξ
′0
c − 14√2 Σ−Ξ
′−
b
− 1
4
√
2
Σ+Ξ
′+
c − 14√2 Σ+Ξ
′0
b
− 1
4
√
2
Σ0Ξ
′+
c − 18 Σ0Ξ
′0
b
− 1
8
Σ0Ξ
′0
c − 18 Σ0Ξ
′−
b
− 1
8
Λ0Ξ
′+
c −
√
6
8
Λ0Ξ
′0
b
−
√
6
8
Λ0Ξ
′0
c
√
6
8
Λ0Ξ
′−
b
√
6
8
Ξ−Ω0c
1
4
Ξ−Ω−
b
1
4
Ξ0Ω0c
1
4
Ξ0Ω−
b
1
4
TABLE IV: Flavor factors dH
Light baryon H dH
p 3
4
√
6
n - 3
4
√
6
Σ+ - 1
4
√
2
Σ0 - 1
4
√
2
Σ− - 1
4
√
2
Λ0 -
√
3
4
Ξ0 1
4
Ξ− 1
4
(FV
i
, i = 1, 2) for the 1
2
− → 1
2
+
+ 1− transitions and three (FV
i
, i = 1, 2, 3) for the 3
2
− → 1
2
+
+ 1− transitions (see details in
Refs. [43, 62]):
transition 1
2
− → 1
2
+
+ 1− :
Minv
(
1
2
−
→ 1
2
+
+ 1−
)
= u¯(p2, s2)
[
γµF
V
1 (M
2
V ) − iσµν
qν
MPci
FV2 (M
2
V )
]
γ5u(p1, s1) ǫ
µ
V
(q) , (29)
transition 3
2
− → 1
2
+
+ 1− :
Minv
(
3
2
−
→ 1
2
+
+ 1−
)
= u¯(p2, s2)
[
gαµF
V
1 (M
2
V ) + γµ
p2α
MPci
FV2 (M
2
V ) +
p2αp2µ
MPci
FV3 (M
2
V )
]
uα(p1, s1) ǫ
µ
V
(q) , (30)
where σµν = (i/2)(γµγν −γνγµ) and all γ matrices are defined as in the Bjorken-Drell convention. In our approach only one form
factor FV
1
contributes to the transitions Pc1 → H + V and Pc3 → H + V , while the others vanish.
For the decay modes involving P = ηc, ηb in the final state the matrix elements are expressed in terms of a single pseudoscalar
form factor FP(M2
P
):
transition 1
2
− → 1
2
+
+ 0− :
Minv
(
1
2
−
→ 1
2
+
+ 0−
)
= u¯(p2, s2) F
P(M2P) u(p1, s1) , (31)
transition 3
2
− → 1
2
+
+ 0− :
Minv
(
3
2
−
→ 1
2
+
+ 0−
)
= u¯(p2, s2) F
P(M2P) iγ
5 qα
MPQ3
uα(p1, s1) .
9It is convenient to express the decay widths of the two-body decays Pci → H+V in terms of the helicity amplitudes Hλ2λV [43,
62], where λV = ±1, 0 and λ2 = ±1/2,±3/2 are the helicity components of the V mesons and the final baryon H, respectively.
For our kinematics helicity conservation reads: λ1 = λ2 − λV , where λ1 is the helicity of decaying pentaquark. The helicity
amplitudes are related to the sets of the previously introduced relativistic form factors FV
i
as [43, 62]:
transition 1
2
− → 1
2
+
+ 1− : HV−λ2,−λV = −HVλ2,λV
HV1
2
0
=
√
Q+
M2
V
(
FV1 M− − FV2
M2
V
MPci
)
,
HV1
2
1
=
√
2Q+
(
− FV1 + FV2
M−
MPci
)
, (32)
transition 1
2
− → 1
2
+
+ 0− : HP− 1
2
t
= −HP1
2
t
HP1
2
t
=
√
Q+ F
P , (33)
transition 3
2
− → 1
2
+
+ 1− : HV−λ2,−λV = H
V
λ2,λV
HV1
2
0
=
√
2Q+
3
M+M− + M2V
2MPc3MV
FV1 ,
HV1
2
1
=
√
Q+
3
FV1 H
V
3
2
1
=
√
Q+F
V
1 , (34)
we omit the contribution of FV
2
and FV
3
since for the present calculation these form factors vanish;
transition 3
2
− → 1
2
+
+ 0− : HP− 1
2
t
= HP1
2
t
HP1
2
t
=
√
Q+
6
Q−
M2
Pc3
FP . (35)
In the case of the 3
2
− → 1
2
+
+ 0− transition the helicity amplitude HP1
2
t
has an additional 1/mQ suppression factor in comparison
to the others. As already explained, the reason lies in the D-wave coupling of this transition.
The decay width of the two-body transition Pci → H + V(P) is calculated according to the formulas [43, 62]:
Γ(Pci → H + V) = 1
8π(2S Pci + 1)
|p2 |
M2
Pci
HVPciH , HVPciH =
∑
λ2,λV
|HVλ2,λJ/ψ |2 ,
Γ(Pci → H + P) = 1
8π(2S Pci + 1)
|p2 |
M2
Pci
HPPciH , HPPciH =
∑
λ2
|HPλ2,t|2 , (36)
where S Pc1 = S Pc2 =
1
2
and S Pc3 =
3
2
are the spins of the pentaquarks, andHV,P
PciH
is the sum of the corresponding squared helicity
amplitudes with:
HVPc1/c2H = |HV1
2
0
|2 + |HV− 1
2
0
|2 + |HV1
2
1
|2 + |HV− 1
2
−1|
2 ,
HVPc3H = |HV1
2
0
|2 + |HV− 1
2
0
|2 + |HV1
2
1
|2 + |HV− 1
2
−1|
2 + |HV3
2
1
|2 + |HV− 3
2
−1|
2 ,
HPPciH = |HP1
2
t
|2 + |HP− 1
2
t
|2 . (37)
III. RESULTS
We proceed with our calculation in the heavy quark limit (HQL) expanding the masses of the heavy hadrons around the
corresponding heavy quark masses mQ, Q = c, b:
MPQi = 2mQ + O(1) , MJ/ψ,ηc = 2mc + O(1) , MΥ,ηb = 2mb + O(1) ,
MD,D∗ = mc + O(1) , MB,B∗ = mb + O(1) , (38)
MHQ = mQ + O(1) , MH = O(1) . (39)
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We also introduce the heavy-flavor independent quantity R, the difference between the sum of the masses of the constituents and
the pentaquark mass, with:
R = MHQ + MMQ − MPQi (40)
which at leading order is considered to be universal for all modes.
In the HQL the results become rather transparent. In particular, the coupling constants of pentaquarks to the constituents scale
as
√
mQ and are given by
gPQ1 = gPQ2 = gPQ3 = 4π
√
2mQ
Λ
[I(r)]−1/2 , (41)
where I(r), r = R/Λ is the structure integral
I(r) =
∞∫
0
dα1
∞∫
0
dα2(α1 + α2) exp
[
−1
2
(α1 − α2)2 − 1
2
(α1 + α2)r
]
. (42)
The couplings for all three types of pentaquarks are degenerate in the HQL. For these reason we introduced an additional factor
1/
√
3 in the interpolating current of the pentaquark PQ2 [see Eq. (4)].
The transition amplitudes in the HQL are also given in terms of a single structure integral
J(r) =
∞∫
0
dα1
∞∫
0
dα2 exp
[
−(α1 − α2)2 − 1
2
(α1 + α2)r
]
. (43)
Therefore, all helicity amplitudes only depend on the function ξ(r) = J(r)/
√
I(r) involving the single parameter r = R/Λ. We
find that ξ(r1) changes only slightly when varying the size parameter Λ in the region 0.5-2 GeV. In particular, for R ≃ 10 MeV
and Λ ranging from 0.5 to 2 GeV the quantity ξ(r) changes from 0.7872 to 0.7905.
In the HQL results for the squared helicity amplitudes are simply expressed as:
HVPQ1 =
3
25
HVPQ2 =
3
50
HVPQ3 =
1
3
HPPQ1 = HPPQ2 = 12
(
gdH
π
)2
Λ4 ξ2(r) (r + µH) (44)
HPPQ3 = β2
MH
54mQ
HPPQ1 , (45)
where µH = MH/Λ is the mass of the light baryon in the final state rescaled by Λ. The flavor factors dH depend on the flavor of
the final baryon and are summarized in Table IV.
In the HQL the helicity amplitudesHV
PQi
andHP
PQ1/Q2
scale as O(1/mQ) since the heavy quarkonia decay constants, contained
in the definition of the coupling g, have the scaling behavior fHQQ¯ ∼
√
mQ. Therefore, the decay rates of pentaquarks into heavy
charmonia and a light baryon scale as 1/m3
Q
(we take into account that |p2 | behaves asO(1) in the HQL). All relations between the
helicity amplitudes (further below it will also be displayed for the decay rates) are consistent with the results reported previously
in Refs. [40, 41]. In our approach the PQ3 pentaquark decay into ηQH is restricted to an orbital D-wave, the S -wave is forbidden.
The helicity amplitude for the decay PQ3 → ηQH (D-wave) contains an arbitrary parameter β, which could be fixed from future
experimental results. HoweverHP
PQ3
has an additional suppression factor 1/mQ in comparison with the other helicity amplitudes
listed in Eq. (44) and the corresponding decay rate scales as 1/m4
Q
, i.e. it is suppressed by a factor 1/mQ relative to the other
modes.
Neglecting the mass differences of J/ψ − ηc and Υ − ηb we finally derive following relations for the pentaquark decay rates:
Γ(Pc1 → ηcp)
Γ(Pc1 → J/ψp) = 3 ,
Γ(Pc2 → ηcp)
Γ(Pc2 → J/ψp) =
3
25
,
Γ(Pc3 → ηcp)
Γ(Pc3 → J/ψp) =
β2
300
MH
mc
, (46)
Γ(Pb1 → ηbp)
Γ(Pb1 → Υp) = 3 ,
Γ(Pb2 → ηbp)
Γ(Pb2 → Υp) =
3
25
,
Γ(Pb3 → ηbp)
Γ(Pb3 → Υp) =
β2
300
MH
mb
, (47)
Γ(Pci → ηcp)
Γ(Pbi → ηbp) =
Γ(Pci → J/ψp)
Γ(Pbi → Υp) =
(
mb
mc
)3
, i = 1, 2, 3 . (48)
In the following we turn to the discussion of our numerical results. We first look at the decay rates of charm nonstrange
pentaquarks to the final states J/ψN and ηcN. The results for the decay rates are expressed in terms of the model parameters Λ
11
and β as
Γ(P+c1 → J/ψp) = 4.12 MeV ·
(
Λ
1 GeV
)3
, (49)
Γ(P+c2 → J/ψp) = 39.82 MeV ·
(
Λ
1 GeV
)3
, (50)
Γ(P+c3 → J/ψp) = 80.04 MeV ·
(
Λ
1 GeV
)3
, (51)
Γ(P+c1 → ηcp) = 14.81 MeV ·
(
Λ
1 GeV
)3
, (52)
Γ(P+c2 → ηcp) = 5.45 MeV ·
(
Λ
1 GeV
)3
, (53)
Γ(P+c3 → ηcp) = 0.13 MeV · β2 ·
(
Λ
1 GeV
)3
. (54)
In Tables V and VI we present the results for other decay modes. For many of the indicated states we use typical values for
the masses. In all results we drop the factor (Λ/1 GeV)3.
TABLE V: Two-body decay rates of hidden charm pentaquarks in MeV [results for decay rates should be multiplied by factor (Λ/1 GeV)3]
Mode Decay rate (MeV) Mode Decay rate (MeV)
First Family Pc1
P+
c1
→ J/ψp 4.12 P+
c1
→ ηcp 14.81
P0
c1
→ J/ψn 4.11 P0
c1
→ ηcn 14.78
Ps+
c1
→ J/ψΣ+ 1.01 Ps+
c1
→ ηcΣ+ 4.06
Ps0
c1
→ J/ψΣ0 1.00 Ps0
c1
→ ηcΣ0 4.04
Ps−
c1
→ J/ψΣ− 0.98 Ps−
c1
→ ηcΣ− 4.00
P˜s0
c1
→ J/ψΛ0 7.13 P˜s0
c1
→ ηcΛ0 26.76
Pss0
c1
→ J/ψΞ0 1.94 Pss0
c1
→ ηcΞ0 7.85
Pss−
c1
→ J/ψΞ− 1.90 Pss−
c1
→ ηcΞ− 7.75
Second Family Pc2
P+
c2
→ J/ψp 39.82 P+
c2
→ ηcp 5.45
P0
c2
→ J/ψn 39.77 P0
c2
→ ηcn 5.45
Ps+
c2
→ J/ψΣ+ 10.99 Ps+
c2
→ ηcΣ+ 1.58
Ps0
c2
→ J/ψΣ0 10.93 Ps0
c2
→ ηcΣ0 1.57
Ps−
c2
→ J/ψΣ− 10.84 Ps−
c2
→ ηcΣ− 1.56
P˜s0
c2
→ J/ψΛ0 72.09 P˜s0
c2
→ ηcΛ0 10.08
Pss0
c2
→ J/ψΞ0 21.25 Pss0
c2
→ ηcΞ0 3.06
Pss−
c2
→ J/ψΞ− 20.99 Pss−
c2
→ ηcΞ− 3.10
Third Family Pc3
P+
c3
→ J/ψp 80.04 P+
c3
→ ηcp 0.13 β2
P0
c3
→ J/ψn 79.93 P0
c3
→ ηcn 0.13 β2
Ps+
c3
→ J/ψΣ+ 22.45 Ps+
c3
→ ηcΣ+ 0.05 β2
Ps0
c3
→ J/ψΣ0 22.63 Ps0
c3
→ ηcΣ0 0.05 β2
Ps−
c3
→ J/ψΣ− 22.17 Ps−
c3
→ ηcΣ− 0.05 β2
P˜s0
c3
→ J/ψΛ0 146.67 P˜s0
c3
→ ηcΛ0 0.28 β2
Pss0
c3
→ J/ψΞ0 43.58 Pss0
c3
→ ηcΞ0 0.10 β2
Pss−
c3
→ J/ψΞ− 43.09 Pss−
c3
→ ηcΞ− 0.10 β2
We can use the upper limit on the branching ratio of the Pc(4457)
+ recently set by the GlueX Collaboration at JLab [4]
to constrain the size parameter Λ of this LHCb pentaquark assuming spin-parity JP = 3
2
−
for this state. We do not consider
Pc(4312)
+ and Pc(4440)
+ states in our estimate because they have spin-parity JP = 1
2
−
in our case, which is different from the
assumption of the GlueX experiment. As pointed out by the GlueX Collaboration [4] their upper limits are sensitive to the spin-
parity quantum numbers. In particular, the limits become by a factor of 5 smaller for the JP = 5
2
+
assignment. For an estimate
of the branching of the Pc(4457)
+ state we use the central value for the decay width of the recent LHCb data analysis [3]:
ΓPc(4457)+ = 6.4 MeV . (55)
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We find the following constraint: ΛPc(4457)+ ≤ 145 MeV. Note that the Λ parameter characterizes the binding forces acting on a
charmed baryon and a meson in the bound state of a hidden charm pentaquark.
TABLE VI: Two-body decay rates of hidden bottom pentaquarks in MeV [results for decay rates should be multiplied by factor (Λ/1 GeV)3]
Mode Decay rate (MeV) Mode Decay rate (MeV)
First Family Pb1
P+
b1
→ Υp 0.38 P+
b1
→ ηbp 1.20
P0
b1
→ Υn 0.38 P0
b1
→ ηnn 1.20
Ps+
b1
→ ΥΣ+ 0.12 Ps+
b1
→ ηnΣ+ 0.38
Ps0
b1
→ ΥΣ0 0.12 Ps0
b1
→ ηnΣ0 0.38
Ps−
b1
→ ΥΣ− 0.12 Ps−
b1
→ ηbΣ− 0.38
P˜s0
b1
→ ΥΛ0 0.76 P˜s0
b1
→ ηnΛ0 2.38
Pss0
b1
→ ΥΞ0 0.24 Pss0
b1
→ ηbΞ0 0.76
Pss−
b1
→ ΥΞ− 0.24 Pss−
b1
→ ηbΞ− 0.76
Second Family Pb2
P+
b2
→ Υp 3.27 P+
b2
→ ηbp 0.41
P0
b2
→ Υn 3.27 P0
b2
→ ηbn 0.41
Ps+
b2
→ ΥΣ+ 1.03 Ps+
b2
→ ηbΣ+ 0.13
Ps0
b2
→ ΥΣ0 1.03 Ps0
b2
→ ηbΣ0 0.13
Ps−
b2
→ ΥΣ− 1.03 Ps−
b2
→ ηbΣ− 0.13
P˜s0
b2
→ ΥΛ0 6.41 P˜s0
b2
→ ηbΛ0 0.78
Pss0
b2
→ ΥΞ0 2.07 Pss0
b2
→ ηbΞ0 0.26
Pss−
b2
→ ΥΞ− 2.06 Pss−
b2
→ ηbΞ− 0.26
Third Family Pb3
P+
b3
→ Υp 6.57 P+
b3
→ ηbp 0.004 β2
P0
b3
→ Υn 6.56 P0
b3
→ ηbn 0.004 β2
Ps+
b3
→ ΥΣ+ 2.07 Ps+
b3
→ ηbΣ+ 0.002 β2
Ps0
b3
→ ΥΣ0 2.07 Ps0
b3
→ ηbΣ0 0.002 β2
Ps−
b3
→ ΥΣ− 2.06 Ps−
b3
→ ηbΣ− 0.002 β2
P˜s0
b3
→ ΥΛ0 12.87 P˜s0
b3
→ ηbΛ0 0.009 β2
Pss0
b3
→ ΥΞ0 4.15 Pss0
b3
→ ηbΞ0 0.003 β2
Pss−
b3
→ ΥΞ− 4.13 Pss−
b3
→ ηbΞ− 0.003 β2
In conclusion, we presented a calculation for the strong two-body decays of hidden charm and bottom pentaquarks into pairs
of a light baryon and heavy quarkonia. We evaluate the final results in the heavy quark limit using only one free parameter – the
scale parameterΛ characterizing the binding forces of the hadronic constituents in the hidden heavy pentaquark. Our predictions
for the decay rates scale as Λ3, therefore the results are very sensitive to the choice of this parameter. Using recent data of the
LHCb Collaboration [1]-[3] on the total widths of nonstrange hidden charm pentaquarks and of the GlueX Collaboration [4] on
the upper limit of the partial two-body decay width of the Pc(4457)
+ state with JP = 3
2
−
we derive preliminary result for the
upper limit for our scale parameterΛ. Future and more precise experiments on the decay properties of hidden heavy pentaquarks
can give strong constraints on the model parameter and insights into the predictions given in the last tables.
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